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BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a method of 
fabricating a semiconductor device using Plasma-Enhanced 
Chemical Vapor Deposition (PECVD) method, which Includes a 
step of stabilizing the substrate temperature prior to a step 
10 of depositing a dielectric layer. The invention is preferably 
applied to fabrication of a semiconductor device having a 
wiring structure or structures formed by using a low 
dielectric- constant interlayer dielectric layer or layers. 
2. Description of the Related Art 
15 In recent years, to solve the problem of RC delay 

increase in wiring or interconnection lines caused by the 
constantly progressing miniaturization of semiconductor 
devices, the use of low dielectric-constant (low k) dielectric 
materials has been discussed for reducing the line capacitance. 
20 For example, the use of a siOCH layer as the interlayer 
dielectric layer and the use of a SiCH or SiCHN layer as the 
dielectric barrier layer or the etch- stop layer have been 
discussed and researched. These low dielectric-constant 
dielectric materials are typically deposited by a PECVD method. 
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where the deposition temperature is typically set in the range 
from 300 -C to 500 -C. This is to provide the Initial thermal 
energy required to overcome the reaction barrier. Therefore, a 
step of stabilizing the substrate temperature at a desired 
5 level is required prior to the deposition step of a desired 
dielectric layer. 

Fig. 1 shows a prior- art deposition process sequence 
for the above-described low dielectric -constant materials 
using a known PECVD method. 

10 As seen frona F *9- 1. in the step SI. a semiconductor 

substrate or wafer is carried in the reaction chamber of a 
known PECVD apparatus. In the step S2 . a gas is fed into the 
chamber to stabilize the substrate temperature, i.e.. the 
temperature of the substrate thus carried-in. The gas is used 
15 to transmit the heat generated by the heater of the apparatus 
to the whole substrate, making the temperature substantially 
steady over the entire substrate. 

Xn the step S3, the chamber is evacuated to remove the 
gas for stabilizing the substrate temperature from the chamber. 
20 in the step S4. a gaseous material or materials (i.e., a 
deposition gas or gases) for a desired low dielectric-constant 
dielectric layer is/are fed into the chamber, in the step S5, 
the desired low dielectric-constant dielectric layer is 
deposited by a PECVD method on or over the surface of the 
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substrate or wafer using plasma generated in the chamber. In 
the step S6. the chamber is evacuated to remove the remaining 
gaseous material(s) (i.e., the remaining deposition gas(es>) 
and reaction products existing in the chamber, in the step S7. 
5 the substrate on which the desired low dielectric-constant 
dielectric layer has been deposited is carried out from the 
chamber . 

In the prior- art deposition method for the above- 
described low dielectric-constant materials shown in Fig. 1, 
10 nitrogen g as (N 2 ) is usually used as the gas for stabilizing 
the substrate temperature in the step S2. This is because N 2 
is low in cost and easy to handle. in this case, however, a 
problem of the adhesion strength degradation of the deposited 
low dielectric-constant dielectric layer with respect to an 
15 underlying dielectric layer and an underlying copper (Cu) 
wiring line is likely to occur. According to the inventors' 
research, it was found that this problem is caused by the 
following reason. 

As shown in Table 1 below, N 2 is relatively lower in 
20 thermal conductivity among these gases and therefore, the rise 
of the substrate temperature in the step S2 is relatively slow. 
Thus, the subsequent deposition step SS of the dielectric 
layer using a PECVD method starts before the substrate 
temperature rises to a sufficiently high degree. As a result. 
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the quality of the deposited dielectric layer will be low or 
bad in the initial stage of the deposition step S5, thereby 
causing the adhesion strength degradation of the deposited 
dielectric layer to an underlying dielectric layer and an 
5 underlying Cu line. 



TABLE 1 



GAS 


THERMAL CONDUCTIVITY (W/mK) 


H 2 


0.1869 


He 


0. 1567 


N 3 


' 0.0260 


Ar 


0.0179 


Xe 


0-0055 



In addition, it was reported by Proceeding of IRPS 2000, 
10 pp. 339-343 that the Time - Dependent Dielectric Breakdown 
( TDDB ) lifetime between Cu wiring lines (i.e., the inter- wire 
TDDB lifetime for Cu lines) deteriorates when plasma process 
using N 2 gas is applied to Cu wiring lines prior to the 
deposition of a silicon nitride (SiN) layer thereon. Thus. 
15 there is an anxiety that N* gas used in the step S2 of 
stabilizing the substrate temperature is left in the 
subsequent deposition step S5. thereby inducing the inter-wire 
TDDB lifetime deterioration. If so. the reliability of the 
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deposited dielectric layer (and therefore, the semiconductor 
device) will decline. 

SUMMARY OF THE INVENTION 
5 Accordingly, an object of the present Invention is to 

provide a method of fabricating a semiconductor device that 
prevents the quality of a deposited dielectric layer from 
deteriorating in the initial stage of a deposition step 
thereof using a PECVD method, thereby improving the adhesion 
10 strength of the deposited dielectric layer to an underlying 
material . 

Another object of the present invention is to provide a 
method of fabricating a semiconductor device that improves the 
reliability of a dielectric layer deposited using a pecvd 
15 method. 

The above objects together with others not specifically 
mentioned will become clear to those skilled in the art from 
the following description. 

A method of fabricating a semiconductor device 
20 according to a first aspect of the present invention comprises 
the steps of: 

placing a substrate in a chamber; 

introducing a gas having a thermal conductivity of 0.1 
W/mK or greater into the chamber, thereby contacting the gas 
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with the substrate for stabilization of a temperature of the 
substrate ; and 

depositing a desired dielectric layer on or over the 
substrate in the chamber using a PECVD method after the step 
5 of introducing the gas. 

With the method of fabricating a semiconductor device 
according to the first aspect of the invention, a gas having a 
thermal conductivity of 0.1 W/raK or greater is introduced into 
the chamber, thereby contacting the gas with the substrate for 
10 stabilization of a temperature of the substrate. Thereafter, a 
desired dielectric layer is deposited on or over the substrate 
in the chamber using a PECVD method. Thus, compared with the 
above-described prior-art method using N 2 gas having a thermal 
conductivity of 0.0260 W/mK for stabilizing the substrate 
15 temperature, the rise of the substrate temperature is faster. 

Therefore* without lengthening the period of contacting 
the gas with the substrate, the step of depositing the desired 
dielectric layer may start after the substrate temperature 
rises to a desired level. As a result, the quality of the 
20 deposited dielectric layer is prevented from deteriorating in 
the initial stage of the deposition step thereof using a PECVD 
method. This improves the adhesion strength of the deposited 
dielectric layer to an underlying material on or over the 
substrate . 
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Moreover, since N 2 gas is aot used to stabilize th 
substrate temperature, there is no anxiety that the inter-wire 
TDDB lifetime deterioration occurs due to the remaining N 2 gas. 
Thus, the reliability of the deposited dielectric layer is 
improved . 

If the gas has a thermal conductivity less than 0.1 
W/mK. obtainable advantages are insufficient. Thus, the gas 
needs to have a thermal conductivity of o.i W/mK or greater in 
the method according to the first aspect of the invention. 

As the gas having a thermal conductivity of 0.1 w/roK or 
greater, preferably, hydrogen <H 2 > or helium (He, gas is used. 
This is because H 2 and He gasses are easily applicable to the 
improvement of the rising rate of the substrate temperature. 
He gas is more preferred, because the step of evacuating the 
15 chamber performed after the step of depositing the dielectric 
layer may be eliminated. 

As the desired dielectric layer, a dielectric layer 
having a low dielectric constant, such as a SiCH. SiCHK, or 
SIOCH layer, ls preferably used. This is because the 
20 advantages of the invention are more beneficial. 

When a SiCH layer is used as the desired dielectric 
layer, it is preferred that the SiCH layer is deposited on or 
over the substrate using an organic si lan e and an inert gas. 

When a SiCHN layer is used as the desired dielectric 
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layer, it: ±s preferred that: the S1CHN layer is deposited on or 
over the substrate using an organic silane, an inert gas. and 
a nitrogen -containing gas. 

When a SiOCH layer is used as the desired dielectric 
5 layer, it is preferred that the SIOCH layer is deposited on or 
over the substrate using an organic silane* an inert gas, and 
an oxidizing gas. 

Preferably, as the above-described organic silane, at 
least one of trimethylsilane [(CH 3 ) 3 Si], tetramethylsilane 
10 C(CH,) 4 Si], and triinethylvinylsilane [ (CH 3 ) 3 SiCH=CH 2 ] is used. 

As the above-described inert gas. at least one of 
helium (He), argon (Ar), and xenon (Xe) is preferably used* 

As the above-described nitrogen-containing gas , ammonia 
(NH 3 ) is preferably used. 
15 As the above -described oxidizing gas, at least one of 

oxygen (Oa), ozone (0 3 )„ carbon monoxide (CO), carbon dioxide 
(C0 2 ), and water (H 2 o) is preferably used. 

A method of fabricating a semiconductor device 
according to a second aspect of the pr^s^nt. invention 
20 comprises the steps of : 

placing a substrate in a chamber; 

introducing hydrogen (H 2 ) or helium (He) gas into the 
chamber, thereby contacting the gas with the substrate for 
stabilization of a temperature of the substrate; 
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Introducing an organic si lane ana an inert gas into the 
chamber after evacuating the hydrogen (H 2 ) or helium (He) gas; 
and 

depositing a SICH layer on or over the substrate using 
5 the organic silane and the inert gas while plasma is present 
in the chamber , 

With the method of fabricating a semiconductor device 
according to the second aspect of the invention , hydrogen (H 2 ) 
or helium (He) gas having a thermal conductivity greater than 
10 0,1 W/mK is introduced into the chamber, thereby contacting 
the gas with the substrate for stabilization of a temperature 
of the substrate. Thereafter, an organic silane and an inert 
gas are introduced into the chamber after evacuating the 
hydrogen (H 2 ) or helium (He) gas. Using the organic silane and 
15 the inert gas thus introduced, a SiCH layer is deposited on or 
over the substrate while plasma is present in the chamber. 
Thus, compared with the above -described prior-art method using 
N 2 gas having a thermal conductivity of O.026O W/mK for 
stabilizing the substrate temperature, the rise of the 
20 substrate temperature is faster. 

Therefore, without lengthening the period of contaotlng 
the hydrogen (H 2 ) or helium (He) gas with the substrate, the 
step of depositing the SiCH layer may start after the 
substrate temperature rises to a desired level. As a result. 
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th quality of the SiCH layer is prevented fr m deteriorating 
in the initial stage of the deposition step thereof using a 
PECVD method. This improves the adhesion strength of the 
deposited SiCH layer to an underlying layer or the substrate. 
5 Moreover, since N a gas is not used to stabilize the 

substrate temperature, there is no anxiety that the inter-wire 
TDDB lifetime deterioration of the SiCH layer occurs due to 
the remaining N 2 gas. Thus, the reliability of the deposited 
SiCH layer is improved. 

10 IQ tne method according to the second aspect of the 

invention, it is preferred tbat the SiCH layer is deposited on 
a copper wiring line. 

A method of fabricating a semiconductor device 
according to a third aspect of the present invention comprises 
15 the steps of r 

placing a substrate in a ohamber; 

introducing hydrogen (H 2 ) or helium (He) gas into the 
chamber, thereby contacting the gas with the substrate for 
stabilization of a temperature of the substrate; 
50 introducing an organic eilane. an inert gas. and a 

nitrogen-containing gas into the chamber after evacuating th 
hydrogen (H 2 ) or helium (He) gas; and 

depositing a S1CHN layer on or over the substrate using 
the organic sllane. the inert gas. and the nitrogen- containing 
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gas while plasma is present in the chamber. 

With the method of fabricating a semiconductor device 
according to the third aspect of the Invention, hydrogen (H 2 ) 
or helium (He) gas having a thermal conductivity greater than 
S 0.1 w/mK is introduced into the chamber, thereby contacting 
the gas with the substrate for stabilization of a temperature 
of the substrate. Thereafter, an organic silane. an inert gas. 
and a nitrogen- containing gas are introduced into the chamber 
after evacuating the hydrogen (H 2 ) or helium (He) gas. Using 
lO the organic silane. the inert gas, and the nitrogen-containing 
gas thus introduced, a SiCHN layer is deposited on or over the 
substrate while plasma is present in the chamber. Thus, 
compared with the above -described prior-art method using N 2 gas 
having a thermal conductivity of 0.0260 W/mK for stabilizing 
15 the substrate temperature, the rise of the substrate 
temperature is faster. 

Therefore, without lengthening the period of contacting 
the hydrogen (H 2 ) or helium (He) gas with the substrate, the 
step of depositing the SiCHN layer may start after the 
20 substrate temperature rises to a desired level. As a result, 
the quality of the SiCHN layer is prevented from deteriorating 
In the initial stage of the deposition step thereof using a 
PECVD method. This improves the adhesion strength of the 
deposited SiCHN layer to an underlying layer or the substrate. 
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Moreover, since gas is aot used to stabilize the 

substrate temperature, there is no anxiety that the inter-wire 
TDDB life deterioration occurs due to the remaining N 2 gas. 
Thus, the reliability of the deposited S1CHN layer is improved. 
5 in the method according to the third aspect of the 

invention- it is preferred that the SiCHN layer is deposited 
on a copper wiring line. 

A method of fabricating a semiconductor device 
according to a fourth aspect of the present invention 
10 comprises the steps of: 

placing a substrate in a chamber ? 

introducing hydrogen (H 2 ) or helium (He) gas into the 
chamber, thereby contacting the gas with the substrate for 
stabilisation of a temperature of the substrate; 
15 introducing an organic silane, an inert gas, and an 

oxidizing gas into the chamber after evacuating the hydrogen 
(H 2 ) or helium (He) gas; and 

depositing a SiOCH layer on or over the substrate using 
the organic silane, the inert gas. and the oxidizing gas while 
20 plasma is present in the chamber. 

With the method of fabricating a semiconductor device 
according to the fourth aspect of the invention, hydrogen (H 2 ) 
or helium (He) gas having a thermal conductivity greater than 
0.1 W/mK is introduced into the chamber, thereby contacting 
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the said gas with the substrate for stabilization of a 
temperature of the substrate- Thereafter., an organic silane, 
an inert gas, and an oxidizing gas are Introduced into the 
chamber after evacuating the hydrogen (H 2 ) or helium (He) gas, 
5 Using the organic silane, the inert gas. and the oxidizing gas 
thus Introduced, a SlOCH layer is deposited on or over the 
substrate while plasma is present in the chamber. Thus, 
compared with the above -described prior- art method using N 2 gas 
having a thermal conductivity of 0.0260 W/mK for stabilizing 
10 the substrate temperature. the rise of the substrate 
temperature is faster. 

Therefore, without lengthening the period of contacting 
the hydrogen (H 2 ) or helium (He) gas with the substrate, the 
step of depositing the SiOCH layer may start after the 
15 substrate temperature rises to a desired level- As a result, 
the quality of the SiOCH layer is prevented from deteriorating 
in the initial stage of the deposition step thereof using a 
PECVD method. This improves the adhesion strength of the 
deposited SiOCH layer to an underlying layer or the substrate. 
20 Moreover, since N 2 gas is not used to stabilize the 

substrate temperature, there is no anxiety that the inter-wire 
TDDB life deterioration of the SiOCH layer occurs due to the 
remaining N 2 gas. Thus, the reliability of the deposited SIOCH 
layer is improved. 
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In the method according to the fourth aspect of the 
invention, it is preferred that the sioCH layer is deposited 
on a SiCHN layer. 

The -substrate" used in the methods according to the 
5 first to fourth aspects of the invention is typically a 
semiconductor substrate. However, any other substrate such as 
a dielectric substrate may be used for the Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 In ° rder that th « Present invention may be readily 

carried into effect, it win „ ow be described with reference 
to the accompanying drawings. 

Pig. 1 is a flowchart showing the process steps of a 
prior-art method of fabricating a semiconductor device, in 
15 which a dielectric layer is deposited using a PECVD method. 

Pig. 2 is a partial cross -sectional view showing the 
configuration of a semiconductor device fabricated by a method 
according to an embodiment of the present invention. 

Pigs. 3A to 30 are partial cross- sectional views 
20 showing the process steps of the method of fabricating a 
semiconductor device according to the embodiment of the 
present invention, respectively. iQ whlch a single damascene 
process is used. 

Fig. 4 is a schematic cxoss-sectional view showing the 

-14- 



080/ZZO® 



confutation of a parallel-plate PBCVD apparatus. 

Fig. 5 is a graph showing the adhesion strength of the 
SiCH ana SiCHN layers formed by the method according to the 
embodiment of the invention and the prior-art method. 
5 Pig. 6 is a graph showing the electromlgration lifetime 

of the SiCHN layers formed by the method according to the 
embodiment of the invention and the prior-art method. 

Pig. 7 is a graph showing the adhesion strength of the 
SiCHN layers formed by the method according to the embodim nt 
10 of the invention and the prior-art method. 

Fig. 8 is a graph showing the TDDB lifetime between 
wiring lines of the SICHN layer formed by the method according 
to the embodiment of the invention and the prior-art method. 
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DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will be 
described in detail below while referring to the drawings 
attached. 

(CONFIGURATION OF SEMICONDUCTOR DEVICE ) 

A semiconductor device shown in Fig. 2 is fabricated by 
a method according to an embodiment of the present invention. 
This device has a single damascene structure. 

The device of F± g . 2 co m pri B es a dielectric layer 201 
formed on a single-crystal silicon (Si) substrate 200. The 
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substrate 200 includes necessary circuit elements such as 
Metal-Oxide-Semiconductor Field-Effect Transistors (MOSPKTs ) 
formed in its surface area. The dielectric layer 201 covers 
the whole surface of the substrate and serves as an interlayer 
5 dielectric layer. 

On the dielectric layer 201. a first dielectric etch- 
stop l ayer 202. a first SiOCH layer 203. and a first 
dielectric hard-maslc layer 204 are stacked in this order. 

A first wiring, which includes first wiring lines (or 
lo wires) 210 and corresponding barrier metals 208. is formed in 
such a way as to be buried in these stacked dielectric layers 
202. 203. and 204. Thus, the first wiring has a buried wiring 
structure. The wiring lines 210 are made of copper or copper- 
based alloy. Bach barrier metal 208 covers and contacts the 
15 bottom and side surfaces of a corresponding one of the wiring 
lines 210. The bottom of the first wiring is lower than the 
underlying dielectric layer 201 and thus, it is located in the 
layer 201. 

The barrier metal 208 is provided to prevent the Cu 
20 atoms of the first wiring line 210 from diffusing into the 
neighboring materials. 

A first dielectric barrier layer 211 is formed to cover 
the top of the first wiring and the exposed areas of the first 
hard-mask layer 204. On the first barrier layer 211. a second 
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aLlectrle SIOCH layer 212 ^ . secona aielectric 

layer 213 are stacJcea 1B thle oraet ^ eomblnatlon of tie 
layers 2l2 M<J 213 serves as an interlayer di . 1 . ctrio lay ^ 

First conauctor plugs 22e «, forirea to vertlcally 
5 P.„.tr„t. th. £1 „ t barrler lwt 211 tfte , econa sioCH ^ 

212. ana the secona aielectrio hara-mas* layer 213 . „ „„«„,,, 

M SUrfa0eS ° f «* "» — covered »a eontaet.a 

with . corresponain, berrl.r metal 226 . Thua> . the plugs ^ 
ana the b«rl«r metis 226 M e buriea la ^ loye „ 211 ^ 
10 ana plogs 22 . «. maa , „ ooppM or ^^.^ 

alloy. The b««« met al 226 of ea=h plu9 22s ±b =ontactea 

with the top or a corr.sponaing oh. or the unaerlylag „ r . t 
wiring lines 210, 

The barrier «U 226 „ proviaed to prevent the c„ 
« ate™ or the rlrst pxage 228 r „ m aitIa . lDg ^ ^ 
neighboring materials. 

A second aielectric etch-stop layer 2 14 is form .a to 
cove, the tope or the plugs 228 ana the espos.a areas or the 
secona hard-mas* layer 2 13. On the second etch-stop layer 2 14. 
20 a third dielectric SIOCH layer ,„ ana a third aielectrio 
hara-mas* layer , M are stae*ea l» this oraer. The combination 
of the layers 2 17 ana 2 la serves as an interlayer dielectric 
layer. 

A second wlring , wnicn lncludea se<=ond wirlng ^ 
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wires) 224 and corresponding barrier metals 221, is formed in 
such a way as to be buried in the stacked dielectric layers 
214. 217, and 218. Thus, like the first wiring, the second 
wiring has a buried wiring structure. The wiring lines 224 are 
made of copper or copper-based alloy. Bach barrier metal 221 
covers and contacts the bottom and side surfaces o£ a 
corresponding one of the wiring lines 224. The barrier metal 
221 of each line 224 is contacted with the top of a 
corresponding one of the first conductor plugs 228. 

A second dielectric barrier layer 223 is formed to 
cover the top of the second wiring and the exposed areas of 
the third hard-mask layer 218. 

As explained above, the semiconductor device of Fig 2 
has a two-layer wiring structure made of copper or copper- 
15 based alloy with the single damascene structure. 

If necessary, the same wiring structure as shown In Fig. 
2 is repeatedly stacked on the second dielectric barrier lay r 
223, thereby forming a multilevel wiring structure. 

The first and second dielectric barrier layers 21 i and 
20 223, and the first and second dielectric etch-stop layers 202 
and 214 are made of SiCH or SiCHN. 
(FABRICATION METHOD OF THE DEVICE) 

Next, a method of fabricating the semiconductor device 
of Fig. 2 is explained below with reference to Figs. 3A to 30. 
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In this method, a single damascene process is used. 

First, as shown in Fig. 3A. a dielectric layer 301 is 
formed on a single-crystal Si substrate 300 by a known method, 
e.g.. a CVD method. The substrate 300 includes necessary 
5 circuit elements such as MOSFETs formed in its surface area. 
The dielectric layer 301 covers the whole surface of the 
substrate and serves as an lnterlayer dielectric layer. 

On the dielectric layer 301. a first dielectric etch- 
stop layer 302. a first dielectric SIOCH layer 303. and a 
10 first dielectric hard-masJc layer 304 are successively form d 
in th.±s order. 

The first dielectric etch-stop layer 302 is made of 
S1CH or SiCHN and has a thickness of 30 nm to ISO nm. The 
layer 302 is formed by a PECVD method using a lenown parallel- 
15 plate PECVD apparatus. An example of the parallel-plate PECVD 
apparatus is shown in Fig. 4. which will be explained later. 

The first SIOCH layer 303 has a thicXness of 
approximately 200 nm to 1000 nm. The layer 303 is formed by a 
PBCVD method using a known parallel -plate PECVD apparatus. 
20 T he first dielectric hard-mask layer 304 is raade of 

SiO a . SiN. or SiON and has a thickness of approximately SO nm 
to 200 nm. The layer 304 is formed by a known method such as a 
PECVD method. 

On the first hard-mask layer 304, an antiref lection 
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layer 325 is formed and then, a first photoresist film 305 is 
forced on the layer 325. Thereafter, the film 30S is patterned 
to have a pattern 306 for the first wiring lines using a known 
Photolithography technique. The state at this stage is shown 
5 in Fig. 3A . The antiref lection layer 325 is provided to 
Prevent the irradiated exposure light from being reflected by 
the first hard-mask layer 304 in the photolithography process. 

Using the patterned first photoresist film 305 as a 
mask, the antiref lection layer 325. the first hard-mask layer 
10 304. and the first SiOCH layer 303 are selectively removed by 
a known dry etching xnethod. Thereafter, the photoresist film 
305 and the remaining antiref lection layer 325 are removed. 
Thus, trenches 307 for the first wiring are formed, as shown 
in Pig. 3B. Since the first etch-stop iayer 302 is formed on 
15 the dielectric layer 301. the etching action is not applied to 
the layer 301 in the dry etching process. 

Subsequently. the entire layered structure on the 
substrate 300 is etched back by a known method. This etch-back 
Process is continued until the first etch-stop layer 302 is 
20 selectively removed according to the trenches 307 to thereby 
expose the underlying dielectric layer 301 and then, desired 
repressions are formed in the layer 301 according to the 
trenches 307. 

A first barrier metal layer 308a is formed to cover and 
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contact the exposed surfaces of the remaining first hard-mask 
layer 304. the first SiOCH layer 303 , the first etch-stop 
layer 302. and the dielectric layer 301, as shown in Fig- 3C- 
The layer 308 is thin and extends along the bottom and side 
5 surfaces of the respective trenches and the top surface of the 
layer 30 4. The first barrier metal layer 308a is made of Ta # 
TaN, TIN, or the like- The layer 308a is formed by a known 
sputtering or CVD method. 

A first conductor layer 309 is formed on the first 
10 barrier metal layer 308a in such a way as to fill the 
respective trenches 307. Since the layer 309 is to form the 
main conductors of the first wiring lines , the layer 309 is 
thick and made of Cu or Cu -based alloy. The layer 309 is 
formed by a known sputtering, CVD, or plating method. The 
15 state at this stage is shown in Fig. 3C . 

Thereafter, the first conductor layer 309 and the first 
barrier metal layer 308a are subject to a Chemical-Mechanical 
Polishing (CMP) process. This CMP process is carried out until 
the remaining first hard-mask layer 304 is exposed. Thus, the 
20 unnecessary part of the first conductor layer 309 and the 
unnecessary part of the first barrier metal layer 308a. both 
of which are located above the first hard-mask layer 304, are 
selectively removed- In this way, the first Cu wiring lines 
310 are formed in the respective trenches using a known single 
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damascene process. The lines 310 are burled in th trendies 
307 along with the remaining first barrier metal layer 308a. 
The bottom and side surfaces of each line 310 are covered, and 
contacted with a corresponding one of the barrier metals 308 . 
5 The state at this stage is shown in Fig, 3D, 

Next, first conductor plugs 328 are formed in the 
following way by a method like a known damascene process. 

Specif ically, as shown in Pig. 3B r a first dielectric 
barrier layer 311 is formed to cover the top of the first 
10 wiring and the exposed areas of the first hard-mask layer 304. 
On the first barrier layer 311, a second SiOCH layer 312 and a 
second dielectric hard-mask layer 313 are successively formed 
in this order. The combination of the layers 312 and 313 
serves as an interlayer dielectric layer. 
15 On the second dielectric hard-mask layer 313, an 

antiref lection layer 326 is formed and then. a second 
photoresist film 315 is formed on the layer 326. Thereafter, 
the film 315 is patterned to have a pattern 316 for vlas 331 
using a known photolithography technique. The state at this 
20 stage is shown in Fig. 3P. The antiref lection layer 326 is 
provided to prevent the irradiated exposure light from being 
reflected by the second hard-mask layer 313 in the 
photolithography process . 

Using the patterned second photoresist film 315 as a 
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-ask. the an tiref lection layer 326 

7 326 ' the second hard-mask layer 
313. and the second SiOCH la Vf »r 

ch layer 312 are selectively removed by 

a known dry etching method. Thereafter tne . 

tter ' the Photoresist film 

315 and the remaining antiref lection layer 32* - 

j.ayer 326 are removed. 

Thus, vias 331 for the conductor plugs are fonnafl 

F ss are f «»rmed, as shown in 

Pi9- 3G. since the first barrier layer 3H ±s * n * 

7 r 311 ls formed below the 

second SiOCH layer 312 f ha 

y r 312. the etching action is not applied to 

the fi r8t wiring i„ the dry etching process. 

Subsequently, the entire layered structure on the 

-strata 300 is etched back by a known method. ^ etoh . bacX 
P-cess is continued until the first barrier layer 311 is 
selectively _ accordi ng to the _ ^ ^ 
expose the underly ing flrst wiring ^ ^ ^ ^ ^ 
this stage is shown in Fig. 3G . 

15 A * 9GO * M barrier metal layer 326 « < = 

■Layer 326 a is formed to cover 

and contact the exposed surfaces of the re^ • 

tfte remaining second hard- 

»ask layer 313. the second S10 CH layer 312 and 

jrcjr and the first 

barrier dielectric layer 31. as shown in Kig . 3H . Th e barrier 

20 surfaces of the respective vias 331 and t-h 

331 and the top surfaces of 

the wiring lines 310. ^ second barrier met*, , 

carrier metal layer 326a is 
made of T a. TaN. tin. or the like ^ -r 

ne iuce. The layer 326a is formed by 
a known sputtering or cvd method. 

A second conductor layer 327 ^ 

ayer 327 ±a forme<J on ±hm s&CQna 
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barrier metal layer 326a ±n such a way as to fill the 
respective vias 331. Since the layer 327 Is to form the main 
conductor of the second wiring, the layer 32 7 is thick and 
made of Cu or Cu-based alloy. The layer 327 is formed by a 
5 known sputtering, CVD, or plating method. The state at this 
stage is shown in Fig. 3H. 

Thereafter, the second conductor layer 327 and the 
second barrier metal layer 326a are subject to a CMP process. 
This CMP process is carried out until the remaining second 
10 hard-mask layer 313 is exposed. The layer 326a is made of Ta. 
TaN. or TIN. Thus. the unnecessary part of the second 
conductor layer 327 and the unnecessary part of the second 
barrier metal layer 326a. both of which are located above the 
second hard-mask layer 313, are selectively removed. In this 
15 way. the first conductor plugs 328 are formed in the 
respective vias 331. The plugs 328 are burled in the vias 331 
along with the remaining second barrier metal layer 326a (i.e.. 
the second barrier metals 326 } . The bottom and side surfaces 
of each plug 328 are covered and contacted with a 
20 corresponding one of the second barrier metals 326. The state 
at this stage is shown in Fig. 31. 

A second dielectric etch-stop layer 314 is formed to 
cover the plugs 328, as shown in Pig. 3 J. The second etch-stop 
layer 314 is made of SiCH or SiCHN and has a thickness of 30 
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nm to 150 nm. The layer 314 is formed by a PECVD method using 
a known parallel -plate PECVD apparatus. 

On the second etch-stop layer 314, as shown in Pig. 3K, 
a third SIOCH layer 317 and a third dielectric hard-mask layer 
5 318 are successively formed in this order. 

The third SiOCH layer 317 has a thickness of 
approximately 200 nm to 1000 nm. The layer 317 is formed by a 
PECVD method using a known parallel-plate PECVD apparatus. 

The third dielectric hard-mask layer 318 is made of 
10 Si0 2 , SiN, or SION and has a thickness of approximately 50 nm 
to 200 nm. The layer 318 is formed by a known method such as a 
PECVD method. 

On the third dielectric hard-mask layer 318, an 
antiref lection layer 325 is formed and then, a third 

15 photoresist film 319 is formed on the layer 325. Thereafter, 
the film 319 is patterned to have a pattern 320 for the second 
wiring lines using a known photolithography technique. The 
state at this stage is shown in Pig. 3K- The antiref lection 
layer 325 is provided to prevent the irradiated exposure light 

20 from being reflected by the third hard-mask layer 318 in the 
photolithography process • 

Using the patterned third photoresist film 319 as a 
mask r the antiref lection layer 325, the third hard-mask layer 
318, and the third SiOCH layer 318 are selectively removed by 
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a known dry etching 

319 k . rafter, the photoresist film 

and the Gaining antiref lection layer 326 are 

thus, trenches 332 for- i->>~ 

the second wlring lines ^ 

shown in Pig 3 r. «.« 8 

™ *walnln 9 second harfl- 

and their neighborhoods in the dry etching process 
Subsequently. the entire ^ 

substrate 300 is etched back bv » v 

10 process , n,eth ° d - ^ «*-»""* 

process ls continued until the second etch « 

M etch-stop layer 314 is 
selectively removed according to the ♦ 

expos* «. trenches 332 to thereby 

expose the underlying p i ugs 3ae 

P ugs 328. Tne state at 

shown in Fig. 3I> . ge ls 

A third conductor layer 4 

15 h . 18 fOITOe<J «* the third 
15 barrier- metal iayer 32i» -, 

*yer 321a in such a way as to 

respective trenches. Slnce the ^ 

-ductor of the secon* wirAng ' " *~ ^ — 

mad . 322 ±S thi <* and 

-de of cu or Cu-based alloy. The layer 322 ls , 

' Br 322 Is formed bv a 

known sputtering, cvd. or platln(I „ 

20 stace i v, ^ ThS Stat * this 

stage is ahown ln p±g 3m 

hereafter, the third conductor layer 322 „ 
h „ w -layer 322 and the third 

barrier metal layer 3?i a 

J-ayer 321a are subject to a. cmt> 
CMP r>T- CMP P^cess. This 

CMP process is carried out until tho 

1 thB rema *»*»9 third hard-mask 
layer 318 i s exposed. Thus th« „„ 

' Unnecessa ^ Part of the third 
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conductor layer 322 and 

^ — " "«» « the thlra 

barrier metal layer w 

third hard-mask layer 31a a 

way the ^ V ^oved. m this 

y ' Second ^pper wiring lines 324 

- -Pectin t _ ches J32 " ~ - -e 

lines 324 are burled in the trenches 332 a , 
thlr<1 . es 332 al °ng with the 

third barrier metals 

erais 321. The metals 321 cover an* „ 
. . . cover and contact the 

bottom and side surfaces of the c ^ 

c ^ e pcnding ii nes 324 . 

A second dielectric barrier layer 323 * „ 

op of the second wiring and 
t h e g n<> the e *Po«ed areas of 

the third hard-mask layer 3ie ™ 

6 StatS at th *s stage is 
shown m Flo. 30. 9 S 

ThrOUSfh ^ —describe, proces8 ^ 

" - bavi ng a tWQ _ level * 

fabricated, as shown ln Fig 3£> ^ ^ *' 

**9. 30. The device of Fig . ao has 

same conf iguration as that of «. „ 

«s rnat of the device of Fig 2 

( CONFIGURATION OF P EC VD AP PARAri7 s, 

Pi 9- 4 schematically shows a , 

o rt parallel-plate pecvo 

20 apparatus used in ^ *-scvd 

«a in the above -de scribed method of i-k 

«noa of the embodiment. 

apparatus comprises * ~ 

mprises a reaction chamber 2 a 
suseeptor 3 » „k ' a 

J ' a shower head 4 =. _ 

4. a resistance heater 5 a „ 
exhaust tube 6. a gate valve 7 , 

and p SUPPly tUbe *' a «lv, 9 

and a Radio-Frequency (rf \ 

y < KF ' Power source 10. 
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The susceptor 3 m which, is located in the chamber 2 # Is 
used to hold a semiconductor substrate 1 to be processed. The 
resistance heater 5 is built in the susceptor 3- The heater 5 
applies heat to the substrate 1 placed thereon, raising the 
5 temperature of the substrate 1 to a desired level • The shower- 
head 4, which is located in the chamber 2. is fixed to be 
opposed to the susceptor 3 at a specific distance. The head 4 
is parallel to the susceptor 3, forming a pair of parallel 
plates . 

10 The gate valve 7 is provided for carrying the substrate 

l in the chamber 2 and for carrying out the substrate 1 from 
the chamber 2 . 

An end of the supply tube 8 is connected to the head 4. 
A required material or materials (i.e., a process gas or 

15 gasses) is/are fed into the chamber 2 by way of the tube 8 and 
the head 4 after its flow rate is controlled to a 
predetermined level with a mass flow controller (not shown) . 
The material or materials is/are uniformly emitted from the 
lower surface of the head 4 toward the susceptor 3 . The valve 

20 9 is used to control the flow of the material or materials in 
the tube 8 . 

An end of the exhaust tube 6 is connected to the 
chamber 2 and the other end thereof is connected to a vacuum 
pump (not shown) . The tube 6 is used to exhaust the gas or 
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gasses existing in the chamber 2 to the outside. In other 
words, the tube 6 is used to evacuate the chamber 2. 

The RF power source 10 supplies a predetermined RF 
power to the chamber 2. The susceptor 3 and the head 4 serve 
5 as a pair of parallel-plate electrodes. The RF power from the 
source 10 is fed to the intervening space between the 
susceptor 3 and the head 4, thereby inducing a desired plasma 
region in the chamber 2. 
(PROCESS OF FORMING SiCH LAYER ) 

0 In the above -de scribed method of fabricating the 
semiconductor device according to the embodiment of th 
invention, the step of forming the first or second etch-stop 
layer 302 or 314 made of SiCH or SiCHN and the step of forming 
the first, second, or third SiOCH layer 303, 312. or 317 are 

1 carried out using the parallel -plate PECVD apparatus shown in 
Fig. 4. 

The first or second etch-stop layer 302 or 314 made of 
SiCH {i.e., the SiCH layer) is formed in the following way. 
This process includes the steps SI to S7 shown in Fig. l. 

First, the semiconductor substrate 1 is carried in the 
reaction chamber 2 by way of the gate valve 7 and placed on 
the susceptor 3 (Step SI)- The susceptor 3 is heated up to a 
predetermined temperature in the range from 150 *C to 450 °c. 
The temperature of the substrate 1 is raised by the heat from 
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the susceptor 3 . 

Next, He ox- H 2 gas Is Introduced into the chamber 2 toy 
way of the supply tube 8 at a flow rate of 500 to 10000 SCCM 
and then, the pressure in the chamber 2 is adjusted to a level 
5 in the range of l.o to 10 Torr. The thus-adjusted pressure of 
the He or H 2 gas is kept for S to 100 seconds for stabilizing 
the temperature of the substrate l (step S2). Thus, the 
temperature of the whole substrate 1 is made substantially 
uniform faster than the above -described prior art method due 
10 to relatively high thermal conductivity of the He or H 2 gas 
introduced. 

The chamber 2 is then evacuated for 5 to 20 seconds, 
thereby removing the He or H 2 gas from the chamber 2 by way of 
the exhaust tube 6 (Step S3). 
15 Thereafter, an organic silane and an inert gas are fed 

into the chamber 2 by way of the supply tube 8 and the head 4 
(Step S4). The organic silane is fed at a flow rate of 100 to 
500 SCO*. The inert gas is fed at a flow rate of 500 to 2000 
SCCM. Then, the pressure in the chamber 2 is adjusted to a 
20 level in the range of 2.0 to 10 Torr. The thus-adjusted 
pressure of the mixture of the organic silane and the inert 
gas is kept for S to 10 seconds. 

Subsequently, rf power of 200 to 500 W is supplied to 
the chamber 2 by the power source 10, thereby inducing a 
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plasma region in the intervening space between the susceptor 
and the head 4. Thus, a PHCVD process is carri a out and a 
SiCH layer is deposited on the substrate l as the first or 
second etch-stop layer 302 or 314 using the organic silane as 
5 the gaseous material (step S5). The inert gas serves as a 
carrier gas. 

Following this, the chamber 2 is evacuated to remove 
the gases existing in the chamber 2 to the outside (Step S6 ) . 
Finally, the substrate l on which the SiCH layer 302 or 314 
10 has been formed is carried out from the chamber 2 (Step S7). 

As the organic silane. trimethylsilane l(CH 3 ) 3 Si], 
tetramethylsilane t(CH 3 ) 4 Sil. or trlmethylvinylsilane 

[ (CH 3 ) 3 SiCH=CH a ] is used. 

As the inert gas. He, Ar. or Xe is used. A mixture of 
15 at least two of He, Ar. and Xe may be used. 

When He gas is used for stabilizing the temperature of 
the substrate 1. the step S6 for evacuating the gas existing 
in the chamber 2 after the deposition of SiCH layer may be 
eliminated . 
20 (PROCESS OF FORMING SiCHN LAYER) 

The first or second etch-stop layer 302 or 314 made of 
SICHN (i.e.. the SiCHN layer) is formed in the following way. 
This process includes the steps SI to S7 shown in Pig. 1 ae 
well. 
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First, the semiconductor substrate 1 is carried in the 
reaction chamber 2 by way of the gate valve 7 and placed on 
the susceptor 3 (Step SI J . The susceptor 3 is heated up to a 
predetermined temperature in the range from 150 «c to 450 °c. 
5 The temperature of the substrate 1 is raised by the heat from 
the susceptor 3 . 

Next, He or H 2 gas is introduced into the chamber 2 by 
way of the supply tube 8 at a flow rate of 500 to 10000 SCCM 
and then, the pressure in the chamber 2 is adjusted to a level 
10 in the range of 1.0 to 10 Torr. The thus-adjusted pressure of 
the He or H 2 gas is kept for 5 to 100 seconds for stabilizing 
the temperature of the substrate 1 (step S2). Thus, the 
temperature of the whole substrate 1 is made substantially 
uniform faster than the above -described prior art method due 
15 to relatively high thermal conductivity of the He or H 2 gas 
introduced . 

The chamber 2 is then evacuated for 5 to 20 seconds, 
thereby removing the He or H 2 gas from the chamber 2 by way of 
the exhaust tube 6 (Step S3). 

20 These process steps are the same as those of the SiCH 

layer described above. 

Thereafter, an organic silane, an inert gas. and a 

nitrogen-containing gas are fed into the chamber 2 by way of 

the supply tube B and the head 4 (Step S4). The organic silane 
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is fed at a flow rate o£ 100 to 500 SCCM. The Inert gas is fed 
at a flow rate of 500 to 2000 SCCM. The nitrogen- containing 
gas is fed at a flow rate of 100 to 500 SCCM. Then, the 
pressure in the chamber 2 is adjusted to a level in the range 
5 of 2.0 to 10 Torr. The thus-adjusted pressure of the mixture 
of the organic silane. the inert gas. and the oxidizing gas is 
kept for 5 to 10 seconds. 

Subsequently. RP power of 200 to SOO W Is supplied to 
the chamber 2 by the power source 10. thereby Inducing plasma 
10 region in the intervening space between the susceptor and the 
head 4. Thus, a PHCVD process is carried out and a SiCHN layer 
is deposited on the substrate 1 using the organic silane and 
the nitrogen- containing gas as the gaseous material (step S5) . 
The inert gas serves as a carrier gas. 
15 Following this, the chamber 2 is evacuated to remove 

the gases existing in the chamber 2 to the outside (step S6). 
Finally, the substrate 1 on which the SiCHN layer 302 or 314 
has been formed is. carried out from the chamber 2 (Step 37). 

As the organic silane, trimethylsilane t(CH 3 ) 3 Si]. 
20 tetramethylsilane [(CH3> 4 S1]. or trlmethylvinylsilane 

I(CH 3 ) 3 SiCH=.CH 2 ] is preferably used. This is the same as the 
process of the SiCH layer. 

As the inert gas. He, Ar. or Xe is preferably used. A 
mixture of at least two of He, Ar. and Xe may be used. This is 
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the same as the process of the SiCH layer. 

As the nitrogen. containing gas. ammonia (nh 3 ) is 
preferably used. 

When He gas is used for stabilizing the temperature of 
5 the substrate 1. the step S6 may be eliminated. This is the 
same as the process of the SiCH layer. 
(PROCESS OP FORMING SiOCH LAYER) 

The first, second, or third SiOCH layer 303. 312. or 
317 is formed in the following way. 

10 »±rst. the semiconductor substrate 1 is carried in the 

reaction chamber 2 by way of the gate valve 7 and placed on 
the susceptor 3 (step SI). The susceptor 3 is heated up to a 
predetermined temperature in the range from 150 °C to 450 *C. 
The temperature of the substrate l is raised by the heat from 

15 the susceptor 3. 

Next. He or H a gas is introduced into the chamber 2 by 
way of the supply tube 8 at a flow rate of 500 to 1000O SCCM 
and then, the pressure in the chamber 2 is adjusted to a level 
ih the range of 1.0 to 10 Torr. The thus-adjusted pressure of 
20 the He or H 2 gas is kept for 5 to 100 seconds for stabilizing 
the temperature of the substrate 1 (step S2). Thus, the 
temperature of the whole substrate l is made substantially 
uniform faster than the above-described prior art method due 
to relatively high thermal conductivity of the He or H 2 gas 
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Introduced . 

The chamber 2 ±s then evacuat d for 5 to 20 seconds, 
thereby removing the He or H 2 gas from the chamber 2 by way of 
the exhaust tube 6 (Step S3). 
5 These process steps are the same as those of the SlCH 

and SiCHN layers described above. 

Thereafter, ah organic silane, an inert gas, and an 
oxidizing gas are fed into the chamber 2 by way of the supply 
tube 8 and the head 4 (Step S4). The organic silane is fed at 

10 a flow rate of 500 to 2000 SCCM. The inert gas is fed at a 
flow rate of 100 to 500 SCCM. The oxidizing gas is fed at a 
flow rate of 200 to 1000 SCCM- Then, the pressure in the 
chamber 2 is adjusted to a level in the range of 2.0 to 10 
Torr- The thus-adjusted pressure of the mixture of the organic 

15 silane. the inert gas, and the oxidizing gas is Icept for 5 to 
10 seconds. 

Subsequently. RF power of 200 to 1000 W is supplied to 
the chamber 2 by the power source 10. thereby inducing plasma 
region in the intervening space between the susceptor and the 
20 head 4- Thus, a PHCVD process is carried out and a SiOCH layer 
is deposited on the substrate 1 using the organic silane and 
the oxidizing gas as the gaseous material (Step S5). The inert 
gas serves as a carrier gas. 

Following this, the chamber 2 is evacuated to remove 
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the gases existing in the chamber 2 to the outside (step S6). 
Finally, the substrate 1 on which the SiOCH layer 303. 312. or 
317 has been formed is carried out from the chamber 2 (Step 
S7). 

5 As the organic silane. trimethylsilane t(CH 3 ) 3 Si), 

tetramethylsilane [ ( CH 3 ) t si ] . or trimethylvinylsilane 

C(CH 3 ) 3 SiCH=CH 2 ] is preferably used. This ±s the same as the 
processes of the SiCH and SICHN layers. 

As the inert gas. He. Ar, or Xe is preferably used. A 
10 mixture of at least two of He, Ar. and Xe may be used. This is 
the same as the processes of the SiCH and SiCHN layers. 

As the oxidizing gas. oxygen (O a ). ozone (0 3 ), carbon 
monoxide (CO). carbon dioxide (co a ), or water (H 2 o) is 
preferably used. A mixture of at least two of C- 2 . O s . CO. C0 2 . 
15 or H 2 0 may be used. 

When He gas is used for stabilizing the temperature of 
the substrate l. the step S6 may be eliminated. This is the 
same as the processes of the SiCH and SiCHN layers. 

With the method of fabricating a semiconductor device 
20 according to the embodiment of the invention, as a gas having 
a thermal conductivity of o.l w/niK or greater. He or H 2 gas is 
introduced into the chamber 2. thereby contacting the He or H 2 
gas with the substrate 1 for stabilization of a temperature of 
the substrate 1. Thereafter, a desired dielectric layer (i.e.. 
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a SiCH. SiCHN. or SiOCH layer) is deposited on or over the 
substrate l in the reaction chamber 2 using a PECVD method. 
Thus, compared with the above -described prior-art method using 
N 2 gas having a thermal conductivity of 0.0260 w/mK for 
5 stabilizing the substrate temperature. the rise of the 
substrate temperature is faster. 

Therefore, without lengthening the period of contacting 
the He or H 2 gas with the substrate 1, the step of depositing 
the desired dielectric layer (i.e., the SiCH. SiCHN, or SiOCH 
lO layer) may start after the substrate temperature rises to a 
desired level. As a result, the quality of the deposited 
dielectric layer (i.e., the SiCH, SiCHN, or SiOCH layer) is 
improved in the initial stage of the step S5 of depositing the 
dielectric layer (i.e., the SiCH. SiCHN, or SiOCH layer). This 
15 improves the adhesion strength of the deposited dielectric 
layer (i.e., the SiCH. SiCHN. or SiOCH layer) to an underlying 
layer or the substrate 1. 

Moreover, since N 2 gas is not used to stabilize the 
substrate temperature, there is „o anxiety that the inter- wire 
20 TDDB life deterioration occurs due to the remaining N 2 gas. 
Thus, the reliability of the deposited dielectric layer (i.e.. 
the SiCH. SICHN, or SiOCH layer) is improved. 
(TESTS) 

To confirm the advantages of the invention. the 
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inventors performed the following tests. 

First. to confirm the adhesion strength of the 
deposited dielectric layer. SiCH and s±CHN layers were 
respectively forined accor ding to the above-described processes 
5 of forming SiCH and S1CHN layers of the method of the 
embodiment. At the same time. SiCH and SiCHN layers were 
respectively formed according to the above-described prior-art 
method. The step S2 for stabilizing the substrate temperature 
was carried out under the condition shown in Table 2 below. 
10 The other conditions in these methods were set the same. 



TABLE 2 



15 



~~ CONDITION 


PRIOR ART 


INVENTION 


GAS 


N 2 


He 


FLOW RATE (SCCM) 


2500 


2500 


PRESSURE (Torr) 


5 


» 5 


TEMPERATURE ( °C ) 


350 


350 


PERIOD (sec) 

— 


60 


60 



Fig. 5 shows the result obtained by measuring the 
adhesion strength between the SiCH or SiCHN layer (i.e.. the 
dielectric barrier layer 311 or 323) and the Cu layer (i.e.. 
the Cu wiring lines 3lo or 328 or 324) formed by the method of 



-38- 



080/9 ft)® 



nnioom - rwnzi *2 mmm ssis im so xw os:ei m os/io 



V 



the Invention and the prior-art method. The adhesion strength 
was measured by the known scratch test. As seen from Fig. 5, 
the adhesion strength of the SiCH and SiCHN layers formed by 
the method of the invention was improved compared with the 
5 SiCH and SiCHN layers formed by the prior- art method. 

With the SiCH and SiCHN layers formed by the prior-art 
method- the deposition step S5 of the SiCH or SiCHN layer 
starts before the substrate temperature rises to a 
sufficiently high degree. Therefore, the quality of the SiCH 
10 or SiCHN layer was low or bad due to an excessive carbon 
amount in the initial stage of the deposition step S5 . thereby 
causing the adhesion strength degradation of the SICH or SICHN 
layer to the underlying Cu layer. 

Fig- 6 shows the result obtained by measuring the 
15 electromlgration resistance of the SICHN layer (i.e., the 
barrier dielectric layer) formed by the method of the 
invention and the prior-art method. As seen from Fig. 6, the 
electromlgration life of the SiCHN layer formed by the method 
of the invention was improved compared with the SiCHN layer 
20 formed by the prior- art method. The inventors thought that the 
reason of this improvement was created by the improvement of 
the adhesion strength. 

Fig. 7 shows the result obtained by measuring th 
adhesion strength between the SIOCH layer (i.e., part of the 
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interlayer dielectric layer-) and the SiCHN layer (i.e. , the 
barrier dielectric layer) formed by the method of the 
invention and the prior- art method. The adhesion strength was 
measured by the known four- point bending method* As seen from 
5 Fig. 7 0 the adhesion strength between the SIOCH and S1CHN 
layers formed by the method of the invention was improved 
compared with the SiCH and SiCHN layers formed by the prior- 
art method. The inventors thought that the reason of this 
improvement was created by the same reason as the improvement 
10 (see Pig* 5) of the adhesion strength between the SiCH or 
SiCHN layer and the Cu layer. 

Fig* 8 shows the result obtained by measuring the TDDB 
life between the Cu wiring lines formed by the method of the 
invention and the prior-art method, where the SiCHN layer was 
15 used as the barrier dielectric layer. As seen from Fig. 8, the 
inter-wire TDDB life of the SICHN layer formed by the method 
of the invention was approximately 10 times as long as that of 
the SiCHN layer formed by the prior- art method. This is 
prominent Improvement . 
20 Moreover, regarding the prior- art method where N 2 gas 

was used in the step S2, the inventors found that the inter- 
wire TDDB life of the SICHN layer was deteriorated to 
approximately 1/10 when the period of the step S3 for 
evacuating the N 2 gas from the chamber 2 was shortened to 5 
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seconds from 10 seconds. Therefore, the inventors thought that 
th Improvement of the inter -wire TDDB life of the SiCHN layer 
was created by prevention of the N 2 gas from entering the 
deposition gas used in the step S5. 
5 OTHER EMBODIMENTS 

It is needless to say that the present invention is not 
limited to the above-described embodiment* Any modification is 
applicable to these embodiments. For example . although He or 
H 2 gas is used in the step S2 for substrate temperature 
10 stabilization in the embodiment, the invention is not limited 
to this. Any other gas may be used for this purpose if it has 
a thermal conductivity of 0.1 W/mK or greater. 

While the preferred forms of the present invention have 
been described, it is to be understood that modifications will 
15 be apparent to those skilled in the art without departing from 
the spirit of the invention. The scope of the present 
invention, therefore, is to be determined solely by the 
following claims, 

f 
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